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b = 11.437 (2) A 
c = 17.809 (4) A 
V = 2098.0 (7) A 3 
Z = 4 

Data collection 

Bruker SMART APEX 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
r mi „ = 0.986, r m „ = 0.989 

Refinement 

R[F 2 > 2a(F 2 )] = 0.076 

wR(F 2 ) = 0.153 

S = 1.04 

2829 reflections 



Mo Ka radiation 
li = 0.08 mm -1 
T = 298 K 

0.20 x 0.16 x 0.15 mm 



16782 measured reflections 
2829 independent reflections 
2488 reflections with / > 2a(l) 
R in . = 0.053 



273 parameters 

H-atom parameters constrained 
A/w = 0.13 e A~ 3 
Ap mi „ = -0.19 e A~ 3 



Received 20 June 201 1 ; accepted 28 June 201 1 

Key indicators: single-crystal X-ray study; T = 298 K; mean ct(C-C) = 0.006 A; 
R factor = 0.076; wR factor = 0.153; data-to-parameter ratio = 10.4. 

In the title molecule, C 2 6H 2 6N 4 , the central benzene ring forms 
dihedral angles of 89.9 (2) and 85.4 (2)° with the two 
benzimidazole rings. 

Related literature 

The title compound is a precursor of A^N/V'-benzimidazolium 
ionic liquids (ILs). For background to the use of ILs as 
solvents or ligands in the synthesis of new metal-organic 
frameworks (MOFs), see: Fei et al (2006); Wang et al (2009); 
Xu et al. (2009). For properties of metal-containing ILs, see: 
Lee et al (2004); Sasaki et al (2005); Wang et al. (2009). For 
details of the synthesis, see Rajakannu et al. (2011). 




Experimental 

Crystal data 

C2 6 H 26 N 4 Orthorhombic, P2 1 2 1 2 1 

M r = 394.51 a = 10.300 (2) A 



Data collection: APEX2 (Bruker, 2003); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NG5188). 
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l,4-Bis[(2-ethyl-l//-benzimidazol-l-yl)methyl]benzene 
Q. Wang, X. Zhao, H. Lou and M. Wang 

Comment 

Ionic liquids (ILs) have attracted great interest as solvents or ligands in the synthesis of new metal-organic frameworks 
(MOFs)(Fei et ah, 2006; Wang etal, 2009; Xu et ah, 2009). By incorporating metal ions to the ILs, metal-containing ILs can 
be formed, the presence of metal ions in ILs provided many additional properties such as color, geometry, and magnetism 
(Lee et ah, 2004; Sasaki et ah, 2005; Wang et ah, 2009). As a part of our program devoted to the new applications of the 
ILs ligands in coordination polymer, we report herein the crystal structure of the title compound as the precursor of the 
N,N'-benzimidazolium ILs. 

The molecule structure of title compound was shown in the Fig.l, all bond lengths and angles are in normal range. In 
the crystal structure, the central benzene ring forms dihedral angles of 88.9 (0)° and 84.4 (2)° with the two benzimidazole 
rings, respectively. The N2 atom are nearly co-planar with benzene ring by 0.055 (4) A derivation. The crystal packing is 
stabilized by van der Waals forces. 

Experimental 

(type here to add preparation details) 
Refinement 

H atoms were located in a difference map and treated as riding with C — H = 0.96 A for methyl groups and C — H = 0.93 A 
for all other H atoms with U\ %0 (H) = 1.2 U e q (aromatic, methylene) or (7i S0 (H) = 1.5 U e n (methyl). 



Figures 




Fig. 1. The molecular structure of the title molecule, with the atom-numbering scheme. Dis- 

'?-'rp^Z-. — '.' . placement ellipsoids are drawn at the 30% probability level. 

■ - ii 



1 ,4-Bis[(2-ethyl-1 H-benzimidazol-1 -yl)methyl]benzene 



Crystal data 



C26H26N4 



F{0Q0) = 840 

D x = 1.249 MgnT 3 

Mo Ka radiation, X = 0.71073 A 



M r = 394.51 



Orthorhombic, P1\X\1\ 
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a = 10.300 (2) A 9 = 2.1-25.0° 

b =11.437 (2) A n = 0.08 mm" 1 

c= 17.809 (4) A T=298K 

V= 2098.0 (7) A 3 Block, colorless 

Z=4 0.20 x 0.16 x 0.15 mm 



Data collection 



Bruker SMART APEX 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

tp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
r min = 0.986, T max = 0.989 
16782 measured reflections 



2829 independent reflections 

2488 reflections with / > 2a(I) 
R int = 0.053 

Qmax = 27.9°, 6 m in — 2.1° 
/!=-13^11 

k = -n^\5 

1= -23^23 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.076 
wR(F 2 ) = 0.153 
S= 1.04 

2829 reflections 
273 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F D 2 ) + (0.0508P) 2 + LP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.002 
Ap m ax = 0.13eA~ 3 
Ap mi „ = -0.19eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z U[ so *IU e0i 

CI 0.7649(6) 0.2700(5) 0.3958(3) 0.0931 (19) 



sup-2 



supplementary materials 



III A 

hllA 


A *7C*7 1 
U. / J / 1 


A 1 o/:o 
U. looo 


A A A 1 1 
U.4U1Z 


A 1 /1A* 

U.14U* 


HID 


U. /I /3 


A 1 AO 1 

U.3Uol 


A /1 1 C 1 

U.43M 


A 1 /1A* 

U.14U* 


1 1 1 ( • 
rilC 


A OC/1 7 


A 7Q1 Q 

u.zyiy 


A 1QQQ 

U.3yoo 


A 1 /1A* 

U.14U 


CZ 


A OIIO /C\ 

U.oZZo ( j) 


A AA*7/1 //1\ 

U.yU/4 (4) 


A 1 CI /I /"3\ 

U.3DZ4 (3) 


A A/;o/i c\ 1\ 
U.Uoo4 (13) 


TJ1 A 

hlZA 


AO/1/11 

U.0441 


A AOOA 

u.yooy 


A 1 

U.3jo3 


A 1 A1 * 

U.1U3* 


I I ") Q 


A OOCC 

U.oojj 


U.OOZl 


a 17Q/; 

u.3 /yo 


A 1 A1* 

U.1U3 


TUT/" 1 

hlZC 


A 11 OA 

U. /3oU 


A OA/1 O 

u.oy4z 


A 1 "71 A 

U.3 /3U 


A 1 A1 * 

U.1U3* 


C3 


A 71 1 -5 fC\ 
U. / II J ( J) 


(4J 


a 171 /a\ 
U.3Z14 (3 J 


U.Uojo (1ZJ 


hl3A 


A £1 1 A 

U.oZlU 


U.ZoZo 


A 1 1 oo 
U.3 loo 


A A*7A* 

u.u /y* 


TI1D 

1 YjD 


U. / 14Z 


A 1 AAA 


A 1 1 OA 

U.3 loU 


A A7Q* 

u.u /y 


C4 


A A AC\£ i C\ 

U.44U0 (j) 


1 AC/1 //1\ 

l.UMo (4) 


A A/1A*7 /QA 

U.U4y / (3) 


A A*7TA C\ A\ 
U.U /Zy (14) 


1 1 1 

ri4 


A /1AA*7 

U.4UU / 


1 A/^C 0 


A AA1/1 

U.UU34 


A A07* 

U.Uo /* 


Cj 


A 1 OA/1 /C\ 

U.3oV4 (j) 


1 11 AT //l \ 

1. 1 1UZ (4) 


U.11Z1 (3) 


U.Uo /o (13) 


I I c 

rlJ 


u.3i jy 


1 1 ^.£7 
1.1 JO/ 


a i a/;q 
U. IUoo 


U.Uol 


Co 


a mm /c\ 
U.yZiV (j) 


A 1 TOO //1\ 

U.lZoZ (4) 


U.U3ZO (3) 


U.Uooo (13) 


hlo 


a A7 0C 


A 1 1 /I 0 

U. 1 14o 


A A 1 OO 

— U.Uloo 


A AQ1 * 

U.Uo3^ 


c/ 


1 A 1 oi /c\ 
l.Uloi ( j) 


A AOA£ //1\ 

U.UoUo (4) 


A A "7 AT f1\ 

U.U /y3 (3) 


A f\/ZQ 1 /1 1\ 

U.Uool (13) 


rl / 


1 AQ/1 Q 

l.Uo4o 


A A1£/1 

U.U3o4 


A ACQ7 

U.UjoZ 


A AQ7* 

U.UoZ^ 


Co 


A C/l *70 /C\ 

U.M /o (j) 


A AO1 1 f A\ 

U.yoi / (4) 


A ACQ A /"3\ 

U.U!)34 (3) 


A A£ A O /1 7\ 

U.Uo4o (1Z) 


I I o 

hlo 


U.DoUo 


A A/1 CI 

U.y4oi 


A A 1 1 1 

U.U1 1 1 


A A*70 * 

U.U /o* 


Cy 


A 0717 (A\ 

U.OZ3 / (4) 


A 1 A/1 A //l^ 

u. iy4y (4j 


a r\cr\c fy\ 
U.UoUo [Z) 


A aco/: /I 1 \ 

U.Ujoo (11) 


i in 

tiy 


A *7£A*7 

U. /oU / 


A T>*7C 

U.ZZ/j 


u.uzyo 


A A*7A* 
U.U /U* 


C1U 


a oi/in (A\ 
U.OZ4U (4) 


A 071 C ( A\ 

U.o / 1 D (4J 


A 77AO 

U.Z /Uo yZ) 


A AC/;7 /I 1 \ 

U.Ujo /(ll) 


TT in A 

hllUA 


A A A "7*7 

U.yu / / 


A OA 1 C 

u.oyi j 


A 7 /I A/1 

U.Z4y4 


a a/;o* 
U.Uoo^ 


1 1 1 r\r> 


A Ol K 

U.o14j 


A *70*7T 

U. /o/Z 


u.zo/y 


A A£ O * 

U.Uoo^ 


i i 
CI 1 


1 A1 £ 1 

l.Ulol (4) 


u.uyoo (4J 


A 1 CCQ S1\ 

u. i jjy {3 ) 


A ACO£ /1 1 A 

U.Ujoo (11) 


1 1 i i 

hll 1 


1 AO AA 

l.UoUU 


A A/i /I A 

u.uo4y 


A 1 QCC 

U. looo 


A A*7A* 
U.U /U^ 


C1Z 


u. /yzj (4j 


u.ozyy ) 


A 1 A/1 1 /'7\ 

U.1U41 (Z) 


A AC7 O ( \ A\ 

U.UjZo (1U) 


TT HA 

hllZA 


U.ooZD 


A OIAC 


A 1 1 AA 

u.nyu 


A f\£1 * 

U.Uo3^ 


T T 1 7R 

rllZrj 


A 70C£ 
U. /OJO 


U.OJl 1 


U.U J 1 D 


a a/;i* 
U.U03 


CI J 


A £T7y1 ( A\ 

U.oZ /4 (4) 


A CC.C1 (1\ 

U.oooi (3) 


A 1 AT 1 /">\ 
U.1UZ1 (Z) 


A A/l*71 /A\ 

U.U4/3 (y) 


TTI 1 

hll3 


U.jooZ 


A 7 1 CiC 

u. / iyo 


A AO/1 7 

U.Uo4 / 


A AC7* 

U.Uj /* 


C14 


AO/1 in ( A\ 

U.o4Zy (4) 


A £TI C 

U.oZIj (3) 


A 1 1 O 1 /">\ 

U.13ol (Z) 


A A /I A /I / 1 A\ 

U.U4y4 (1U) 


TTI /I 


A Q707 

u.yzo / 


U.o43o 


n 1 /icq 
U. 14Dy 


A ACQ* 

u.ujy 


CO 


A Cfin/I fA\ 

u.!>yu4 (4) 


U.jjZI (3J 


A 1 1 Cf\ /^7\ 

U. 1 loU (Z) 


U.U403 (y) 


TTI C 
1 1 1 J 


A CA/1/1 

U.JU44 


A CIA 1 

U. j3U1 


U. IUoj 


A AC/:* 

U.UDO 


Clo 


A A AZ£ f A \ 

U.44jo (4) 


1 AA*70 
l.Uy /O (3) 


A 1 O 1 *7 

U.lol / (3) 


A ACC 1 /"I A\ 

U.UjM (1U) 


T T 1 /: 

rllO 


U.41 lo 


1 1 1£ 1 

1.1 Jul 


A 771/1 
U.ZZ3^ 


U.UOO 


CI / 


U.oU4o (4) 


A Q7A7 f1\ 

U.y IK) 1 y5) 


A 1 71 0 ^7\ 

U. lZ3o (ZJ 


A A /I O 1 ^1 A\ 

U.U4ol (1U) 


Clo 


A 7C1/^ /'/lA 

U. / j3o (4) 


A 7A7£ 

U. /UZo (3 ) 


A 1 1 17 ^7\ 

U. 1 13 / (ZJ 


A A/17A 

u.u4zy (y ) 


CIV 


a one a //T\ 
U.oUj3 (4) 


A CA/;i 

U.jUdI [d) 


A 1 C 1 1 (">\ 

U. 1 Jl 1 yZ) 


A A/17Q /Q\ 

u.u4 /y (y ) 


TTI Q 


A 0/^7A 

U.oo /U 


A /l C77 

U.4jZZ 


A 1 £7 1 

U. lo / 1 


A ACQ* 

U.Ujo^ 


JN4 


U.oZoy (3 ) 


u.yyoo {j ) 


A 7 CA/^7 /'I A\ 

u.zjUo / (lyj 


A A/1 07 /'OA 

U.U40 / (o) 


nan 

CzU 


0.621 9 (4) 


A 1 1 A O \ 

0.210s (3) 


0.1384 (2) 


A A /IT O /A\ 

0.0438 (9) 


C21 


0.7811 (4) 


0.2564 (3) 


0.2563 (2) 


0.0450 (9) 


C22 


0.6790 (4) 


0.4702 (3) 


0.1407 (2) 


0.0409 (8) 


C23 


0.9151 (4) 


0.1625 (3) 


0.1859 (2) 


0.0460 (9) 


C24 


0.5549 (4) 


1.0261 (3) 


0.1880 (2) 


0.0462 (9) 


N3 


0.7116(3) 


0.9081 (3) 


0.14849 (19) 


0.0469 (8) 



sup-3 



supplementary materials 



C25 0.7199 (4) 0.9271 (3) 0.2246 (2) 0.0462 (9) 

Nl 0.8875 (3) 0.1927 (3) 0.25983 (19) 0.0512 (8) 

N2 0.7370 (3) 0.2705 (2) 0.18419 (18) 0.0431 (7) 

C26 0.6341 (4) 0.3469 (3) 0.1584 (2) 0.0476 (9) 

H26A 0.5673 0.3506 0.1966 0.057* 

H26B 0.5955 0.3134 0.1136 0.057* 
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Geometric parameters (A, °) 

Cl— C3 1.492 (6) C12— N3 1.456 (5) 

Cl— H1A 0.9600 C12— C18 1.520(5) 

Cl— H1B 0.9600 C12— H12A 0.9700 

Cl— H1C 0.9600 C12— H12B 0.9700 

C2— C10 1.510(6) C13— C18 1.380 (5) 

C2— H2A 0.9600 C13— C15 1.383 (5) 



sup-4 



supplementary materials 



PO uin 

Cz — rlzB 


U.youu 


nn tt i i 

CI 3 — hi 13 


A AQAA 

u.y3uu 


po inr 
CZ — rlZC 


a a/;aa 

u.youu 


C14 — Clo 


1.3 /0 [j) 


p-l ri^ i 

C3 — Cz 1 


1 A *7A /C\ 

1.4 /y [?) 


pi /i pin 

ci4 — ciy 


1.3V3 {J) 


PI I 1 1 A 

C3 — hi 3 A 


A Q*7AA 

u.y /uu 


pi/1 TT 1 A 

C 1 4 — rl 1 4 


A Q1AA 

u.y3uu 


P"1 I I "J T~) 

C3 — hi 3 hi 


A A*7AA 

u.y /uu 


PK PT> 

C 1 j — Czz 


1 1 OA 

1.3oU {j) 


f^A f^Q 

C4 — to 


1 in A in\ 

1.371 (7) 


n c 1 1 1 c 

C 1 J — rl 1 j 


A OIAA 

u.y3uu 


f^A ( ' ^ 

C4 — C3 


1 1QA (H\ 

1.3o4 { I ) 


pi/: f^")A 

C 1 0 — Cz4 


i .3y / [p) 


p/l o /I 

C4 — hl4 


a aiaa 

u.yiuu 


C 1 C ill/; 

C 1 0 — rl 1 0 


A A1AA 

u.y3uu 


PC fi/r 

Cj — C 1 o 


1.3 /0 (0) 


C 1 / — JN 3 


1.3o4 


PC IIC 

C:> — hlD 


u.yiuu 


ph pi^ 
C 1 / — Cz4 


1 A(\A 

1.4U4 (3) 


Co — cy 


1.3 / / (,0J 


pin PT> 

ciy — czz 


i inn {^\ 
1.3 / / pj 


Co — C/ 


i.jyi (,/) 


Pin 1 1 1 n 

ciy — hiiy 


A A1AA 

u.y3uu 


Co — hlO 


u.yiuu 


XT /I PTC 

JN4 — Czj 


1.310 {d) 


p-7 /"ill 

C / — C 1 1 


1.3 /o (0) 


XT /I PI /I 

JN4 — Cz4 


1 1C\1 fz\ 

i.3y3 (j) 


p^7 jjn 
C/ — rl / 


u.youu 


P^A XT') 

CzU — JNZ 


1 inn /c~\ 
1.3 / / (jJ 


Co — C 1 / 


l.iyi (0) 


PTA PT3 

CzU — Cz3 


i.3y4 (d) 


ro iio 
Co — rlo 


u.yiuu 


P")i Ml 

Czl — JN 1 


1.31 / (j) 


cy — czu 


l.iyO (0) 


PO 1 XTO 

Czl — JNZ 


1.3 /Z p) 


v / 1 1 / 


U.7JUU 




l.Jlu yJ) 


CIO — C25 


1.495 (5) 


C23 — Nl 


1.390 (5) 


CIO — H10A 


0.9700 


N3 — C25 


1.375 (5) 


CIO — H10B 


0.9700 


N2 — C26 


1 449 (4) 


CH — C23 


1.390 (5) 


C26 — H26A 


0.9700 


CH — Hll 


0.9300 


C26 — H26B 


0.9700 


pi P 1 TT 1 A 

C3 — CI — HIA 


1 nn c 


PIO PIT TJ11 

Clo — C13 — H13 


1 1 n c 
119.5 


pi p 1 n i d 
C3 — CI — H 1 B 


1 nn c 


PK P11 TJ11 

C 1 5 — C 1 3 — H 1 3 


1 1 n c 


TT 1 A p 1 HID 

HIA — CI — HIB 


1 nn c 


pio pn pin 
C18 — C14 — C19 


1 on i {A \ 
12U.3 (4) 


pi p 1 r_rl p 
C3 — CI — HlC 


1 no c 


PIO PH TJ1/1 

Clo — C14 — H14 


1 1 n o 

ny.8 


TJ 1 A p 1 III/' 

HIA — CI — HlC 


1 nn c 


pin pn TJ1/1 
Ciy — C14 — H14 


1 1 n o 

ny.8 


1 1 1 15 p 1 Tji r 
HIB — CI — HlC 


1 nn c 


P11 PK POO 

C 1 3 — C 1 5 — C22 


1 O 1 1 1 A \ 

121.1 (4) 


pin po jjo a 
C 1 0 — C2 — Hz A 


1 nn c 


P1Q PK TJ 1 c 

C 1 3 — C 1 5 — H 1 3 


line 


pin pi 1 1 ~i o 
C 1 0 — C2 — H2B 


1 nn c 


P11 p|f UK 

C22 — C 1 5 — H 1 5 


1 1 n c 


jjo a pi 1 1 ~i n> 
H2A — C2 — H2B 


1 nn c 


pc pi/; pii 
C5 — C 1 6 — C24 


1 1 O 1 f A\ 

11 0.1 (4) 


pin pi trip 
C 1 0 — C2 — H2C 


1 nn c 

iuy.5 


PC PU TJ 1 /T 

C5 — C 1 6 — H 1 6 


1 on n 
12U.y 


jjo a pi tjtp 
H2A — C2 — H2C 


1 nn c 

iuy.5 


PI/1 PU TJ 1 £ 

C24 — C 1 6 — H 1 6 


1 on n 
12U.y 


i i o o pi tjtp 
H2B — C2 — H2C 


1 nn c 

iuy.5 


XT'} P 1 "7 P O 

JN3 — CI / — Co 


1 1 o /; {a \ 
132.6 (4) 


pi 1 pi p 1 
C21 — C3 — CI 


11/1 1 //I \ 

114.1 (4) 


~kti pn pii 
JN3 — CI / — C24 


1 nc a \ 
1UD.4 (i) 


PO 1 PI TJI A 

C2 1 — C3 — H3 A 


1 no "7 
1UO. / 


po pn pii 
C8 — C 1 / — C24 


1 oo n l a \ 
lll.V (4) 


P1 PI TJI A 

CI — C3 — H3A 


1 no "7 
lUo. / 


P11 PIO P1/1 

C13 — C18 — C14 


1 1 O 1 ii\ 

110.3 (i) 


pti pi inn 
C21 — CI — H3B 


1 no "7 
1UO. / 


pii pio pn 
C13 — C18 — C12 


1 0 1 0 t A \ 

121.3 (4) 


P1 PI I I "l I") 

CI — C3 — H3B 


1 no "7 
1UO. / 


pi/1 pio pn 
C14 — Clo — C12 


1 on i (a \ 
12U.3 (4) 


TJI A PI I I "3 O 

H3A — C3 — H3B 


10 /.6 


poo pin p 1 a 
\^ll — C 1 y — C 1 4 


1 O 1 C {A \ 

121.5 (4) 


PO P/1 PC 

Co — C4 C5 


1 11 "7 ( Z\ 
ill. 1 (?) 


poo pin jjin 

C22 — c i y — H i y 


1 1 n i 

i iy.3 


PO P/1 TT/1 

Co — C4 — H4 


118.6 


p 1 a p 1 n 1 1 1 n 

ci4 — ciy — Hiy 


119.3 


C5— C4— H4 


118.6 


C25— N4— C24 


104.6 (3) 


CI 6— C5— C4 


121.0 (5) 


N2— C20— C9 


131.3 (4) 


CI 6— C5— H5 


119.5 


N2— C20— C23 


105.9 (3) 


C4— C5— H5 


119.5 


C9— C20— C23 


122.8 (4) 


C9— C6— C7 


121.6 (4) 


Nl— C21— N2 


112.6 (3) 



sup-5 



supplementary materials 



Pft pz; i i/; 

Cv — Co — Ho 


lift o 

1 iv.z 


PT P/C U/Z 

C / — Co — hlo 


11ft-) 

i ly.z 


P i i p-7 p/- 

Cll — C/ — Co 


izi.y (4) 


pi i XT'? 

CI 1 — C / — H / 


1 1 Q 1 

i iy. i 


{ • A PT I I "7 

Co — C / — hi / 


1 1 ft 1 

1 Ly. 1 


p/i po rn 
C4 — Co — CI / 


ll/r r /C\ 
llO.J (j) 


pi a no lit) 

C4 — Co — hlo 


m o 
1Z1 .0 


p i -7 no ttq 

CI / — Co — hlo 


m o 
1Z1 .0 


p/: pn ntn 

Co — C V — C Z U 


1 1 & T ( A\ 

1 lo.Z (4) 


p/: po i in 

Co — cv — hly 


in ft 
1Z1 .y 


nin pn i in 
CZU — CV — hlV 


1 t 1 ft 
1Z1 .y 


PT c pin PT 

CZj — C 1 U — CZ 


1 1 A 1 //I \ 

114.1 (4) 


PIC pi A TT 1 Pi A 

C2 j — C 1 U — rl 1 UA 


1 ft O *7 

lUo. / 


p~> pin tti n a 
CZ — C 1 U — hi 1 UA 


108.7 


pic pin TTinn 
CZ J C 1 U hi 1 Ub 


1 no -7 

108.7 


pt pin 1 1 1 no 
CZ — C 1 U — rl 1 Ur> 


1 ft O *7 

lUo. / 


TnnA pin t t 1 mn 
hi 1 U A — C 1 U — hi 1 Ub 


107.6 


P*7 P 1 1 nn 

C7 — Cll — C23 


in o / A\ 

117.8 (4) 


p-7 pi 1 1111 

C/ — Cll — Hll 


1Z1 .1 


p~> "j pi i o 1 1 
CZ3 — Cll — Hll 


1Z1 .1 


XTT P 1 T P 1 O 

N 3 — C12 — C18 


| | 1 1 / T \ 

112.1 (3) 


XT'! PIT HI 7 A 


ivjy.z. 


C18 — C12 — H12A 


109.2 


N3 — C12 — H12B 


109.2 


C18 — C12 — H12B 


109.2 


H12A — C12 — H12B 


107.9 


C18 — C13 — C15 


121.1 (4) 


PQ p /] pc pi £L 

Co — C4 — C J — C 1 o 


ft O 

0.8 (7) 


pn p/T p-7 pi 1 

CV — Co — C / — C 1 1 


A A CH\ 

0.4 (7) 


pc p/i po pn 
Cj — C4 — Co — CI / 


-0.6 (7) 


p-7 p/T pn PTA 

c / — Co — cy — czu 


-0.5 (7) 


p/l p-7 pi i PTT 

Co — C / — C 1 1 — CZ3 


ft A (H\ 

0.4 (7) 


Pi o pn pi r pt) 

C 1 o — C 1 3 — C 1 J — CZZ 


1 1 (£\ 

-1.1 (6) 


P/i pc pu PT/1 

C4 — CD — C 1 0 — CZ4 


ft ft /£L\ 

— v.y (o) 


P/l PO P 1 -7 XTT 

C4 — Co — CI / — IN 3 


1 *7ft Q //I \ 

—i /y.o (4) 


P/i po pn pi/i 
C4 — Co — CI / — CZ4 


ft ^ 

U.o (o) 


Pi c pn pi o pi 1 

CI J — C13 — Clo — C14 


1.3 (6) 


PI c p| I p| o pn 

CI j — C13 — Clo — C1Z 


nc A f A\ 

— 1 /J.4 (4) 


P 1 p> pi /| pi o pn 

CIV — C14 — Clo — C13 


ft C \ 

—U.j (0) 


PI n pi /i pi o pn 

C 1 y — C 1 4 — C 1 o — C 1 Z 


1 T/i T (A \ 

1 /0.3 (4) 


xn pn pi o pn 

IN 3 — C 1 Z — C 1 o — C 1 3 


CI *7 /C\ 

53.7 (5) 


xn p 1 o pi o pi /i 

IN 3 — C 1 Z — C 1 o — C 1 4 


-123.0 (4) 


pi o pi/i pm pio 
C 1 o — C 1 4 — C 1 y — CZZ 


—0.5 (0) 


/ • / pn PTn xtt 

Co — C9 — C20 — N 2 


—179.5 (4) 


C6— C9— C20— C23 


-0.2 (6) 


CI— C3— C21— Nl 


-5.2 (7) 


CI— C3— C21— N2 


173.1 (4) 


C14— C19— C22— C15 


0.8 (6) 


CI 4— CI 9— C22— C26 


-176.7 (4) 



XT 1 PU pi 

IN 1 — CZ1 — C3 


1 TC C fA\ 
IZj.J (4) 


XT'") PI 1 PI 

JNZ — CZ1 — C3 


1 T 1 ft /T\ 

izi.y (3) 


p 1 ft pn pk 

c i y — czz — c i j 


I 1 H H /T\ 

II / . / (3) 


Pin ptt pi£ 

c i y — czz — czo 


1 TT C fl \ 

1ZZ.J (3) 


PK PT) pi/r 

C 1 j — CZZ — CZo 


1 1ft 7 /T\ 

ny. / (3) 


P 1 1 POI XT 1 

Cll — CZ3 — IN 1 


1 Tft C (A \ 

13U.0 (4) 


p 1 1 pti pm 
Cll — CZ3 — CZU 


1 1 ft O ( A\ 

ny.o (4) 


xt i pn pin 
IN 1 — CZ3 — CZU 


1 Aft & /T\ 

iuy.o (3) 


XT A pn pi ^ 

IN 4 — CZ4 — C 1 o 


1 Tft T SA \ 

13U.3 (4) 


XT a pn P 1 -7 

IN 4 — CZ4 — CI / 


1 1 ft 1 /T\ 

11U.1 (3) 


pu pn pn 
C 1 0 — CZ4 — C 1 / 


lift/; //i\ 

ii y.o (4) 


PIC MO p 1 -7 

CZj — IN 3 — CI / 


1 ft£ 1 /"3\ 

lUo.3 (3) 


ptc xtt pn 
CZj — IN 3 — C 1 Z 


1 T£ £ /"/I \ 

IZo.o (4) 


pn XTT pn 

CI / — IN 3 — C1Z 


| l/T ft /T \ 

izo.y (3) 


XT A PTC XTT 

IN 4 — CZj — JN3 


1 1 T C fA\ 

113.J (4) 


XT A PTC P 1 ft 

IN 4 — CZj — C1U 


1 TC 1 //lA 

IZj.l (4) 


XTT PTC P 1 ft 

JN3 — CZj — C1U 


1 T 1 A f A\ 

ill A (4) 


PT1 XT 1 pn 

CZ1 — IN 1 — CZ3 


1 AC T /T\ 

IUj.Z (3) 


PT1 XTT PTft 

CZ 1 — IN Z — CZU 


1 A£ /T \ 

lUo.o (3) 


PT1 XTT PT£ 

CZ 1 — IN Z — CZ o 


1 TT /T \ 

IZ/.o (3) 


PTft XTT PT£ 

CZU — JNZ — CZo 


1 TC 1 {1 \ 

IZj.l (3) 


XTT P1£ PTT 


1 1 T 0 (X\ 


N2 — C26 — H26A 


108.8 


C22 — C26 — H26A 


108.8 


N2 — C26 — H26B 


108.8 


C22 — C26 — H26B 


108.8 


H26A — C26 — H26B 


107.7 


xtt pn pn XT/1 
JN3 — CI / — CZ4 — JN4 


A & f A\ 

—U.o (4) 


PO p| n pn xt/1 

Co — CI / — CZ4 — IN 4 


1 *7ft 1 fA\ 

i /y.i (4j 


XTT p 1 -7 PT/1 PU 

IN 3 — CI / — CZ4 — Clo 


1 Tft C /T\ 

i /y.j (3) 


po pn PT/i pu 
Co — C 1 / — CZ4 — C 1 0 


A O 

-U.8 (o) 


PO pn XTT PTC 

Co — CI / — IN 3 — CZj 


1 TA A //1\ 

-i /y.u (4) 


PT/1 pn XTT PTC 

CZ4 — CI / — JN3 — CZj 


A *7 //1\ 

0.7 (4) 


po pn XTT P 1 T 

Co — CI / — IN 3 — C1Z 


t n /"7\ 

-3.7 (7) 


PT/1 pn XTT P1T 

CZ4 — C 1 / — IN 3 — C 1 Z 


1 T£ A /T\ 
1 /O.U (3) 


PIO PIT XTT PTC 

C 1 0 — C 1 Z — IN 3 — CZ J 


TT A /C\ 

77.0 (5) 


P 1 O P 1 T XTT pn 

Clo — C1Z — IN 3 — CI / 


AT C ( A\ 

—y I.j (4) 


PT/1 XT A PTC XTT 

CZ4 — IN 4 — CZ J — IN 3 


A 1 //1\ 

0.1 (4) 


PT/1 XT/1 PTC P1ft 

CZ4 — IN 4 — CZ J — C 1 U 


1 TA H ( A\ 
-1 /y. / (4) 


pn XTT PTC XT A 

CI / — IN 3 — CZj — JN4 


A C f A\ 

-0.5 (4) 


P 1 T XTT PTC XT A 

C 1 Z — IN 3 — CZj — IN 4 


1 TC A /T\ 
-1 /J.y (3) 


pi -7 XTT PTs p i p, 

CI / — IN 3 — CZJ — C1U 


1 TO 1 f1\ 

i /y.3 (3 j 


PIT XTT PTC P1ft 

C 1 Z — IN 3 — CZj — C 1 U 


T A 

3.9 (6) 


PT Pin PTC XT A 

C2 — C 1 0 — C2 5 — JN 4 


T C 

-3.5 (6) 


C2— CIO— C25— N3 


176.8 (4) 


N2— C21— Nl— C23 


-0.3 (4) 


C3— C21— Nl— C23 


178.1 (4) 


Cll— C23— Nl— C21 


179.6 (4) 


C20— C23— Nl— C21 


0.3 (4) 



sup-6 



supplementary materials 



C 1 3— C 1 5— C22— C 19 0.0 (6) 

C13— C15— C22— C26 177.6 (4) 

C7— Cll— C23— Nl 179.7(4) 

C7— Cll— C23— C20 -1.1 (6) 

N2— C20— C23— Cll -179.6(3) 

C9— C20— C23— C 11 1 .0 (6) 

N2— C20— C23— Nl -0.2 (4) 

C9— C20— C23— Nl -179.7 (4) 

C25— N4— C24— C16 -179.8(4) 

C25— N4— C24— C17 0.3 (4) 

C5— C16— C24— N4 -178.9 (4) 

C5— C16— C24— C17 0.9(5) 



JN 1 — C21 — JN2 — C20 


0.2 (4) 


C3 — C21 — JN2 — C20 


1 *70 1 ( A\ 

— 1 (4) 


JN 1 — C21 — JN2 — C2o 


-171.1 (3) 


L-3 — C2 1 — JN 2 — C2 0 


1 A A l£\ 
10.4 (0) 


C9 — C20 — JN 2 — C2 1 


1 "7A A i A \ 

1 /9.4 (4) 


pin mi n i 
C2 j — C20 — JN 2 — L-2 1 


A A 

0.0 (4) 


pa nn mi pi/; 
C9 — C20 — JN2 — C26 


A A t ti\ 

-9.0 (6) 


C23— C20— N2— C26 


171.6 (3) 


C21— N2— C26— C22 


86.5 (5) 


C20— N2— C26— C22 


-83.2 (4) 


CI 9— C22— C26— N2 


-2.2 (6) 


CI 5— C22— C26— N2 


-179.6(3) 



sup-7 



supplementary materials 




sup-8 



